TOPIC3 EXCHANGE 


Circulation 1 


A Level Yr1/AS 
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Q1. 


This question should be answered in continuous prose. 
Quality of Written Communication will be assessed in these answers. 


(a) Describe and explain four ways in which the structure of a capillary adapts it for the 
exchange of substances between blood and the surrounding tissue. 


(4) 


(b) Explain how tissue fluid is formed and how it may be returned to the circulatory system. 


(6) 
(Total 10 marks) 
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Q2. The graph shows changes in pressure in the aorta, left ventricle and left atrium during one 
heart beat. 
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(a) |The maximum pressure in the left atrium is lower than the maximum pressure in the left 
ventricle. What causes this difference in maximum pressure? 


(1) 
(b  Astethoscope can be used to listen to the sounds made by the heart. 
(i) | What is the evidence from the graph that the first heart sound is caused by the 
atrioventricular valve closing? 
(1) 
(ii) ^ What causes the second heart sound? Give the reason for your answer. 
(2) 


(Total 4 marks) 
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Q3. The graph shows dissociation curves for haemoglobin in a fetus and in an adult. 
Fetal haemoglobin 
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(a (i) | Whatis the difference in percentage saturation between fetal haemoglobin and 
adult haemoglobin at a partial pressure of 3 kPa? 


(1) 
(ii) ^ Explain the advantage of the curve for fetal haemoglobin being different from the 
curve for adult haemoglobin. 
(2) 
(b The dissociation curve for adult haemoglobin changes during vigorous exercise. 
(i) Sketch on the graph the position of the curve during vigorous exercise. 
(1) 
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(ii) | Explain the advantage of this change in position. 


EE BE AE uL INA DH UN I RM MAT UE I B 
(Total 6 marks) 


Q4. (a | Gas exchange in a fetus occurs across the placenta. Explain why it is important to 
maintain a supply of blood to the lungs of the fetus, even when they are not being used 


for gas exchange. 


(1) 


(b The oxygen haemoglobin dissociation curves for a woman and her fetus are shown in the 
graph. 
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(i) Use the graph to find the difference between the percentage saturation of 
haemoglobin in the blood of the woman and the fetus when the partial pressure of 
oxygen in the placenta is 4 kPa. 


AUS raean CPU VEQu Er UR E oM EIU ERU SEMEN OU 
(1) 
(ii) ^ Explain how efficient gas exchange is ensured by the dissociation curve for the 
fetus being to the left of the dissociation curve for the woman. 
(2) 


(Total 4 marks) 


Q5. The graph shows the changes in pressure which take place in the aorta of a mouse during 
several heartbeats. 
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(a | Which chamber of the heart produces the increase in pressure recorded in the aorta? 


(1) 
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(b |The pressure of blood in the aorta decreases during each heartbeat but does not fall 
below 10 kPa. Explain what causes the pressure of blood to 


(i) ^ decrease during each heartbeat; 


—€——ÁÓ—————Á——————Á— Á—ÀÁ—  — P" T 


(ii) ^ stay above 10 kPa. 


mM MS 


(c) The heart rate of a mouse is much higher than the heart rate of a human. Use the graph 
to calculate the heart rate of the mouse. Show your working. 


Heatttalo ood tope beats per minute 
(2) 


(d) The cardiac output is the volume of blood pumped by a heart in one minute. The stroke 
volume is the volume of blood pumped by a heart in a single heartbeat. 


cardiac output = stroke volume x heart rate 


The cardiac output for a mouse with a heart rate of 550 beats per minute is 16.6 cm: per 
minute. Calculate the stroke volume for this mouse. Show your working. 


Stroke volume = ................. een cms: 
(2) 
(Total 8 marks) 
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Q7. The chart shows the change in the speed of flow and pressure of blood from the start of the 
aorta into the capillaries. 






Speed of 
flow 


Pressure 


Increase 


Aorta Large Small ^ Artenoles Capillaries 
arteries arteries 


(a) | Describe and explain the changes in the speed of flow of the blood shown in the chart. 


(2) 
(b Explain how the structure of the arteries reduces fluctuations in pressure. 

(2) 
(c) X Explain how the structure of capillaries is related to their function. 

(2) 


(d) In one cardiac cycle, the volume of blood flowing out of the heart along the pulmonary 
artery is the same as the volume of blood returning along the pulmonary vein. Explain 
why the volumes are the same although the speed of flow in the artery is greater than in 
the vein. 


(1) 
(Total 7 marks) 


Q8. (a) Explain why both the heart and arteries are described as organs. 


(1) 


The table shows changes in the volume of blood in the left ventricle over a period of one 
second. 


Volume of blood as 
percentage of maximum 

[o3 | 7 

ooa o o 


Ce f 





Use information in the table to answer the following questions. 


(b) What is the approximate length of one cardiac cycle? 


(1) 


At what time is there least blood in the right ventricle? Explain your answer. 


(c) 


ddl a eeu uote td abusu Bd Mau MEM MM UM ieee atts di 


Between which times are the muscles in the wall of the left atrium contracting? 


(d) (i) 


Give the reason for your answer. 


——— ca —— ————— — —— A 


Between which times are the semilunar valves in the arteries open? Give the 
reason for your answer. 


(ii) 


E E T E E E i 


The maximum volume of blood in the left ventricle is 45 cm*. Calculate the volume of 
blood in the left ventricle at 0.5 s. Show your working. 


(e) 


Volume of blood = ..............eeeem ee 
(2) 
(Total 7 marks) 
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Q9. (a | Haemoglobin is a protein with a quaternary structure. What is meant by a quaternary 
structure? 


(1) 
(b Explain how oxygen in a red blood cell is made available for respiration in active tissues. 
Desh Se dea rt s Lu LUE a Se ia cue DM eM c P cM M MEE MEC Š 
(c) Haemoglobin is broken down in the liver. One product of this breakdown is amino acids. 
Give one use in the body of these amino acids. 
NORMEN N AE m m 


(Total 5 marks) 


Q10. (a) Explain how the shape of a red blood cell allows it to take up a large amount of 
oxygen in a short time. 


(2) 
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Samples of blood were mixed with equal volumes of different liquids. A drop of each mixture 
was put on a slide and examined with an optical microscope. The table shows the appearance 
of each slide. 


| Slide | Liquid added Appearance of slide 


Distilled water No cells seen. Slide appears a 
uniform pale red colour 


Sucrose solution Cells are smaller in diameter than 
in an untreated sample of blood 
C Detergent (dissolves lipids) | No cells seen. Slide appears a 
uniform pale red colour 





(b (i) What does the appearance of slide B tell you about the plasma membrane 
surrounding a red blood cell? 


(1) 


(ii) | Explain the appearance of slide C. 


(2) 


(Total 5 marks) 


Q13. Seals are mammals. They spend much of the time in water but have lungs and breathe 
air. When a seal is resting at the surface of the water, the blood flow to each gram of swimming 
muscles is 0.21 cm: per minute. When it is swimming under water, the blood flow to different 
organs changes. The flow to the swimming muscles is then 0.05 cm: per gram per minute. 


(a) | Describe the part played by arterioles in redistributing blood to different organs. 


(2) 


(b) (i) Describe how the change in blood flow to the muscles of a seal differs from the 
change in blood flow to human muscles as activity increases. 


(1) 


(ii) Suggest the advantage to the seal of the change in blood flow to the muscles. 


(2) 
(Total 5 marks) 


The diagram shows part of a capillary and some of the cells surrounding it. 


Q14. 
Flud X 
From To 
artery vein 
Flud Y 
(a) Name 
(i) fluid X, 
—— án ih 
(ii) ^ fluid Y 
(1) 


(b Describe and explain one way in which the composition of fluid Y differs from that of 
fluid X. 


(2) 
(c) X Explain how fluid leaves the capillary at the arterial end. 
(2) 
(d) | Oxygen moves from fluid Y into active muscle cells faster than it does into resting muscle 
cells. Use Fick's law to explain why. 
(3) 


(Total 9 marks) 
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Q15. The diagram shows tissue fluid and cells surrounding a capillary. 
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(a) Name fluid F. 


(1) 
(b) Give one way in which fluid F is different from tissue fluid. 
(1) 
(c) (i) | The blood pressure is high at the start of the capillary. Explain how the left ventricle 
causes the blood to be at high pressure. 
(1) 
(ii) ^ The blood pressure decreases along the length of the capillary. What causes this 
decrease in pressure? 
(1) 
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(d) In children, some diets may result in a low concentration of protein in fluid F. This can 
cause the accumulation of tissue fluid. Explain the link between a low concentration of 
protein in fluid F and the accumulation of tissue fluid. 


(3) 
(Total 7 marks) 


Q17.(a) Figure 1 shows the oxygen dissociation curve for human haemoglobin. 


Figure 1 
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Use Figure 1 to describe how haemoglobin loads and unloads oxygen in the body. 


(3) 
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Figure 2 shows oxygen dissociation curves from mammals of different size. 





Figure 2 
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(i) ^ Describe the relationship between the size of mammals and the oxygen dissociation 
curves of their haemoglobins. 


(1) 
(ii) | Heat from respiration helps mammals to maintain a constant body temperature. 
Use this information to explain the relationship between the surface area to volume 
ratio of mammals and the oxygen dissociation curves of their haemoglobins. 
(4) 


(Total 8 marks) 
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Q18. 


Erythropoietin (EPO) is a substance produced in the body. It increases the production of 
red blood cells. Synthetic EPO is made artificially. It is used to treat patients who have a form of 
anaemia in which there is a reduced number of red blood cells. Scientists investigated the effect 
of synthetic EPO on volunteers with this form of anaemia. 


. The scientists injected synthetic EPO in a salt solution into patients in the experimental 
groups. They also set up control groups. 


. They gave the different experimental groups different doses of synthetic EPO and 
different lengths of treatment. 


. At the beginning and end of the treatment, the scientists measured each patient's 
haemoglobin concentration. From these measurements, they calculated the mean 
increase in haemoglobin concentration. 


Some of the results are shown in the table. 


Dose of 

Length of synthetic EPO / 
treatment / units per 
weeks kilogram 
per week 


Mean increase 
in haemoglobin 
concentration / 
arbitrary units 


Number of 
volunteers 





(a) | Explain why treatment with synthetic EPO affects the haemoglobin concentration in these 
volunteers. 


(2) 


Page 18 


(b | Suggest how the control groups should have been treated in this investigation. 


(2) 
(c) The scientists measured the dose of synthetic EPO per kilogram per week. 
Explain why they measured the dose per unit mass and per unit time. 
(2) 
(d) | Explain how the information that the scientists collected might be useful in treating 
patients with anaemia. 
(2) 


(e | Some athletes have used synthetic EPO as a performance enhancer. Explain how 
synthetic EPO may improve performance in long-distance events. 


(4) 
(f) ^ Athletes may be tested to see if the concentration of EPO in their blood is above normal. 
Suggest how scientists determine the normal concentration of EPO in blood. 
(2) 
(g) | Synthetic EPO can increase blood pressure. Suggest why. 
(1) 


(Total 15 marks) 


Q21.Some people have a condition called white-coat hypertension. People with this condition develop 
a higher than normal heart rate and blood Page 20Pressure when they are in a doctor's 


surgery. High heart rate is correlated with high blood pressure. 


Doctors investigated differences in heart rate between men with white-coat hypertension and 
those without the condition. They measured the men's mean heart rates: 


in the doctor's surgery, by recording the pulse in the wrist for 1 minute, when the men 
were lying down 


at home, using a portable heart rate monitor when the men were walking around 
at home, using a portable heart rate monitor when the men were sleeping. 
The groups of men selected for this investigation were matched. 


Other than being men, suggest one factor for which they should have been matched. 


(1) 
Explain why the pulse recordings in the doctor's surgery were taken when the men 
were lying down. 

(1) 
The pulse felt in the artery in the wrist can be recorded and used to measure heart 
rate. 
Suggest why the pulse felt can be used to measure heart rate. 

(2) 
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(d) X The portable heart rate monitor recorded the men's heart rates continuously. This 
gave more reliable mean heart rates than those obtained by recording the pulse in 
the wrist for 1 minute. 


Suggest why it is more reliable. 





(2) 
(e) The table shows the doctors’ results. 
Where and how heart rate Mean heart rate / beats per minute 
was measured 
Men with white-coat Men without white-coat 
hypertension hypertension 
Doctor's surgery, 67 63 
recording pulse when lying 
down 
At home, walking 76 73 
around, using heart monitor 
At home, sleeping, 63 
using heart monitor 
A journalist, who saw these results, stated that they showed there is no such thing as 
white-coat hypertension. 
Do these data support this statement? Give reasons for your answer. 
(2) 


(Total 8 marks) 
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Q22.(a) The table shows three statements about some biological molecules. Complete the table 
with a tick in each box if the statement is true for haemoglobin, cellulose or starch. 





Contains nitrogen 


(3) 


The graph shows oxygen dissociation curves for the haemoglobin of a mother and her 
fetus. 
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(b What is the difference in percentage saturation between the haemoglobin of the mother 
and her fetus at a partial pressure of oxygen (pO;) of 4 kPa? 
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The oxygen dissociation curve of the fetus is to the left of that for its mother. Explain the 
advantage of this for the fetus. 


(2) 
After birth, fetal haemoglobin is replaced with adult haemoglobin. Use the graph to 
suggest the advantage of this to the baby. 

(2) 
Hereditary persistence of fetal haemoglobin (HPFH) is a condition in which production of 
fetal haemoglobin continues into adulthood. Adult haemoglobin is also produced. 
People with HPFH do not usually show symptoms. Suggest why. 

(1) 


(Total 9 marks) 


Q23.Scientists investigated the effects of water temperature on the heart rate of swimmers. 
Two groups of volunteers were asked to repeat the same swim at three different temperatures. 
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Group 1 volunteers were asked to swim 100 m as quickly as they could. 
Group 2 volunteers were asked to swim continuously for 30 minutes. 


The scientists recorded the highest heart rate for each swimmer during each swim. 
Their mean results are shown in the following figure. 
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Give one conclusion that can be made from the scientists’ investigation. 


(1) 


After reading the scientists’ report, a member of a swimming club stated that “the report 
shows that swimming flat out is better for you than swimming for a length of time.” 
Evaluate this statement. 


(4) 
(Total 5 marks) 


Q24.(a) The oxygen dissociation curve for haemoglobin shifts to the right during vigorous exercise. 
Explain the advantage of this shift. 


(3) 


(b Weddell seals are diving mammals that live in cold environments. A Weddell seal is 
shown in Figure 1. 


Figure 1 





(i) Explain how the body shape of a Weddell seal is an adaptation to living in a cold 
environment. 


(2) 


(ii) ^ Weddell seals can remain underwater for long periods of time. Figure 2 shows the 
rate of blood flow to different organs of a Weddell seal before a dive and during a 
long dive. 


Figure 2 
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Describe and explain the changes in the rate of blood flow to the different organs 
during a long dive. 


(3) 
(Total 8 marks) page 27 


Q25.The figure below represents a capillary surrounded by tissue fluid. 
The values of the hydrostatic pressure are shown. 





Arteriole ————— Venule 
end direction of blood flow end 
Hydrostatic pressure = 4.3 kPa Hydrostatic pressure = 1.6 kPa 





Tissue fluid 
Hydrostatic pressure = 1.1 kPa 


(a) Use the information in the figure above to explain how tissue fluid is formed. 


(2) 


(b The hydrostatic pressure falls from the arteriole end of the capillary to the venule end of 
the capillary. Explain why. 


(1) 


(c) High blood pressure leads to an accumulation of tissue fluid. Explain how. 


(3) 


(d) The water potential of the blood plasma is more negative at the venule end of the 
capillary than at the arteriole end of the capillary. Explain why. 


(3) 
(Total 9 marks) 
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M1. 


M2. 


M3. 


(b) 


akwonf® 


NO 


ROMA 


D 


(a) 


(i) 


(ii) 


1. permeable capillary wall / membrane; 

single cell thick / thin walls, reduces diffusion distance; 

flattened (endothelial) cells, reduces diffusion distance; 

fenestrations, allows large molecules through; 

small diameter / narrow, gives a large surface area to volume / short diffusion 
distance; 

narrow lumen, reduces flow rate giving more time for diffusion; 

red blood cells in contact with wall / pass singly, gives short diffusion distance 
/ more time for diffusion; 


(allow 1 mark for 2 features with no explanation) 
4 max 


(hydrostatic) pressure of blood high at arterial end; 

fluid / water / soluble molecules pass out (reject plasma); 

proteins / large molecules remain; 

this lowers the water potential / water potential becomes more negative; 

water moves back into venous end of capillary (reject tissue fluid) by osmosis / 
diffusion; 

lymph system collects any excess tissue fluid which returns to blood / 
circulatory system / link with vena cava / returns tissue fluid to vein; 


[10] 
QWC 1 


less muscle / thin(ner) wall in left atrium; 
pressure of left ventricle higher than pressure of left atrium; 
closing of the semi-lunar valves / pocket valves; 


pressure in artery / aorta is higher than ventricle; 


[4] 


(i) 62 
ignore units 


fetal haemoglobin has higher affinity for oxygen / takes up oxygen 
(becomes saturated) at lower partial pressure; 

at partial pressures when adult haemoglobin dissociates fetal 
haemoglobin takes up oxygen; 


Page 30 


new 'S' shaped curve draw to the right of the adult curve; 
1 


(b (i) 


(ii) ^ haemoglobin dissociates / unloads more readily / 
more oxygen delivered to cell / muscles / respiring tissue; 


at a particular partial pressure more oxygen is released; 
2 
[6] 


M4. (a) (cells) require oxygen / glucose for respiration / growth 
(cells) require oxygen / glucose to keep cells alive; 
(accept correctly named nutrient) 


(o) (i) 65 


(ii) ^ fetal haemoglobin has a greater affinity for oxygen; 
(must indicate a comparison or reference to the graph) 


loads oxygen from mother's haemoglobin / blood; 
2 
[4] 


M5. (a) left ventricle; 


(left) ventricle / heart relaxes / diastole / filling / not contracting; 
1 


(b (i) 


(ii) ^ elastic tissue / wall; 
recoils / springs back (to maintain pressure); 
(“contraction / muscle causing recoil negates second point) 
2 


(C) | correct answer, 666 to 667 gains 2 marks; allow 1 mark for principle; 
correct time for 1 heartbeat as 90 (ms) or 630-7 / 


60 + incorrect time identified from graph; 
2 
(d) correct answer, 0.03, gains 2 marks; 
(allow 1 mark for correct working, 16.6 + 550, if answer wrong) 
2 
[8] 
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M7. (a) slow decrease in speed until reaches arterioles then rapid decrease; 
increase in total cross-sectional area of blood vessels / more friction; 


(b) elastic tissue / fibres / wall; 
expands / recoils / springs back (to smooth the pressure surges); 
(recoil linked to elastic tissues) 


(c) walls / endothelium one cell thick / made of flattened cells; 
short diffusion pathway 


OR 


narrow lumen; 
reduces rate of flow / more time for diffusion; 


OR 


gaps / pores between cells (accept fenestrations between cells); 
increased rate of diffusion / fluid movement out of vessel; 





(d) larger / wider lumen so greater volume carried; 


[7] 


M8. (a) Contain different / more than one tissue / type of cell; 


(b) 0.8 (s) 


(c) 0.4 (s) as events in right ventricle same as in left; 


(d) (i) 0 - 0.1/0.4 - 0.9 because the volume increasing / ventricle 
filling / blood entering; 


(ii) ^ from 0.9 / 0.1 — 0.4 because volume decreasing / ventricle 
emptying / blood leaving; 


Accept any two figures from within the range. 


(e) | Correct answer of 15.75/ 15.8/ 16 = 2 marks 
Incorrect answer but clear understanding that 45cm? is 100% = 1 mark 


[7] 
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M9. (a) Structure resulting from aggregation of several polypeptide chanins / tertiary 
structures / eq: 


(b) Low pH / (more)H: ; due to (increased) CO, (increased) respiration; 
(ignore refs to buffering action of haemoglobin) 
(increased) dissociation of haemoglobin; 
Oxygen diffuses from r.b.c. to tissues; 


3 
(c) | Deaminated for use in respiration / used in protein synthesis / suitable e.g.; 
1 
[5] 
M10. (a) Large surface area to volume ratio; 
For diffusion; 
OR 
Flat / thin; 
So oxygen can reach all haemoglobin / centre rapidly / short pathway; 
max 2 
(b (i) Partially permeable / allows water through but not sucrose; 
Accept semi-permeable / selectively permeable. 
T 
(ii) ^ Phospholipid (in membrane) / bilayer dissolved / broken down; 
Allows haemoglobin / contents to leak out; 
2 
[5] 
M13. (a |The muscle in the wall / sphincter contracts; 
Accept converse 
Reducing blood flow / narrowing / closing arteriole; 
The muscle to which the candidate is referring must be clearly in 
the wall of the arteriole. 
2 


(b (i) Blood flow increased in humans / reduced in seals; 
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M14. 


M15. 


(ii) Less oxygen / blood taken to muscles; 
None is incorrect 


(More) oxygen available for organs / brain; 
Can stay under water longer (without breathing); 


(a) (i) plasma; 


(ii) ^ tissue fluid; 


fluid Y contains little / no protein; reject blood cells 
molecules too large (to pass through capillary wall); 


OR 


fluid Y contains less glucose; 

some will have entered tissue cells; 

accept any other biologically correct difference marked in a 
similar way. 


hydrostatic pressure / blood pressure / arterial pressure; 
greater than osmotic effect which forces molecules / fluid out; 
ignore references here to diffusion or osmosis. 


active muscle cells respiring faster / at greater rate; 

therefore less / lower concentration of oxygen in cell; 

rate of diffusion proportional to difference in concentration / 
concentration gradient; 

to gain second point, answer must be in terms of using oxygen, 

not the need for it. last line is the minimum requirement for Fick's Law. 


(a (Blood) plasma; 
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max 2 


[5] 


2 max 


[9] 


(b) 


M17.(a) 


More / larger proteins / less urea / carbon dioxide / more glucose / amino acids / 
fatty acids / oxygen / high(hydrostatic) pressure; 


Q Reference to blood cells / water potential = neutral 
Q No Protein should not be credited 


(i) ^ Contracts; 
Q Do not accept pumping of heart / heart beating 


(ii) ^ Loss of fluid / volume; 


Friction / resistance (of capillary wall); 


Q Reference to a narrow lumen is not sufficient to gain a mark 
unless friction or resistance is mentioned. 
1 max 


Water potential (in capillary) not as low / is higher / less negative / water potential 
gradient is reduced; 


More tissue fluid formed (at arteriole end); 





Less / no water absorbed (into blood capillary) by osmosis; (into blood capillary); 


Q The last two marking points must be in context of movement 
into the blood capillary 


[7] 


Loading / uptake / association of oxygen at high p.O.; 


In lungs (haemoglobin) is (almost) fully saturated / in lungs haemoglobin has a high 
affinity for oxygen; 


Unloads / releases / dissociates oxygen at low p.O;; 


Unloading linked to higher carbon dioxide concentration; 


Allow converse for second marking point in tissues i.e. 
haemoglobin has low affinity / releases most of its oxygen. 


Mark for haemoglobin having high affinity for oxygen must be 'in 
lungs’. 
3 max 


(i) ^ Larger the mammal the more to the left / steeper / ‘higher’ is the 
curve / the higher the affinity for oxygen; 


Allow converse. 
Ignore references to Bohr shift 
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M18. 


(ii) Smaller mammal has greater surface area to volume ratio; 


Smaller mammal / larger SA:Vol ratio more heat lost (per unit body mass); 


Allow converse explanation for larger mammals or lower surface 
area to volume ratio. 


Smaller mammal / larger SA:Vol ratio has greater rate of respiration / 
metabolism; 


Allow suitable named mammal as alternative to smaller or larger 
mammal. 


Oxygen required for respiration so (haemoglobin) releases more oxygen / 
oxygen released more readily / haemoglobin has lower affinity; 


[8] 


(a) More red blood cells; 


More haemoglobin; 


Given (only) salt solution; 


(Otherwise) treated the same way; 
Accept: 'Placebo' in salt solution. 
Reference to salt solution is essential for first marking point. 


Allows comparison to be made; 


Different masses / weights (of volunteers) / different weeks / lengths of treatment; 
Accept: ‘Both were different’ for one mark. 
Neutral: Size for second marking point. 


To determine (most effective) dose / length of treatment / to find the most cost 
effective treatment; 
Investigate long term effect / toxicity / side effects; 


Do not credit marks for descriptions of the information in the table 
in terms of dose and length of treatment. 


More haemoglobin / more red blood cells; 
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(More) oxygen can be absorbed / transported (for) respiration / to respiring tissues / 
cells; 


(More) energy released / more ATP for muscle contraction; 


Delays anaerobic respiration / delays build up of 

lactate / lactic acid; 
Reject: 'Energy produced or made' but allow 'energy made in form 
of ATP’. 


(f) Large sample / wide range (of individuals tested); 
Random (sampling); 


Tested at different times / more than once; 
Mean / average value determined; 


Idea of establishing a range for the normal concentration / reference 


to use of standard deviation; 
2 max 


(g) Blood thicker / denser / more viscous / more ‘concentrated’ / heart 
contraction greater / increases volume of blood; 


Accept: More blood cells in same volume / 'space*. 
Neutral: ‘more red blood cells’ / ‘more blood’ on its own. 
Neutral: ‘Heart pumps / beats more / harder’. 


[15] 


M21.(a) One suitable factor; 
Not health or lifestyle 


E.g. Age / no heart condition / not on medication; 
Accept BMI / smokers / diet / fitness / race etc. — has to affect 


heart rate or blood pressure 
1 max 


(b) Patients were at rest / not moving / not using muscles / in standardised position / 
controlled conditions; 
Accept same position as sleeping 
Ignore relaxed 


(c) 1. Caused by pressure / surge of Page 37blood; 


Ignore pulse rate equals heart rate 


2. | From (one) contraction / beat of (left) ventricle / heart; 
Reject right ventricle 


Ignore pumps / pumping 
2 
(d) 1. Monitor records heart rate over long period of time / all the time / more data 
collected; 
Ignore reference to continuously as in stem 
Ignore anomalies can be discarded 
2. Anomalies in recording have less effect; 
Ignore more accurate / reliable mean 
3. Recording pulse rate for one minute only may give an anomalous / atypical 
result; 
4. . Errors when trying to count pulse for one minute / human error; 
5 Monitor records HR over a range of activities during the day / pulse rate only 
records for a single set of conditions; 
2 max 
(e 1. Men with condition always have higher heart rates; 
Accept blood pressure references for heart rate 
2. But no direct measurements of blood pressure; 
Accept — no stats analysis to show significance 
3. Only one investigation / test / need more studies; 
Ignore references to ‘yes’ and ‘no’ throughout 
4. . Using different recording methods / conditions (in each case so cannot 
compare results); 
5. Men without condition also have increased / higher heart rate in doctor's 
surgery; 
2 max 


[8] 


M22. 
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Statement Haemo- | Cellulose | Starch 
globin 


Has a 
quaternary 
structure 


Contains 
nitrogen 





DEB 
Formed by 
condensation v v v 
reactions 

MEME 


One mark for each correct row 


(c) 1. Higher affinity / loads more oxygen at low / same / high partial pressure / pO;; 


2. (Therefore) oxygen moves from mother / to fetus; 


(d) 1. Low affinity / oxygen dissociates; 
Assume ‘it’ is adult haemoglobin 
1. Accept: converse if ‘fetal haemoglobin’ is clearly stated 


2. (Oxygen) to respiring tissues / muscles / cells; 
2. Q: Neutral ‘respirate’ 


(e | Enough adult Hb produced / enough oxygen released / idea that curves / affinities / 
Hb are similar / more red blood cells produced; 


Neutral: 'adult Hb is also produced' as in the question stem 
Reject: curves / affinities / Hb are the same 


[9] 


M23.(a) 1. People swimming 100 m / group1 had higher heart rates than 
people swimming for 30 minutes / group 2; 
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M24.(a) 


1. 


(Trend is) as temperature increases heart rate increases for swimming 100 m / 
group 1; 


No trend for swimming for 30 minutes / group 2; 


(SD values show that) each set of results has little variation; 


Four approaches but only 1 mark available 
1 max 


Assumes that an increased HR is beneficial (whatever the temperature of the 
water); 


(But) haven’t measured the ‘benefits’ to health / increased heart rate may not 
be ‘better’; 


No definition of better / flat out / better / flat out is subjective / based on 
opinion; 


Only know the highest heart rate / time at highest heart rate not known; 


Swimmers only tested once / only a short-term effect (on heart rate) / 
long-term effects are not known; 


Distance covered in 30 minutes not known / might vary / time to complete 100 
m not known / might vary / swimming ability might vary (among volunteers / 
between groups); 


Groups may not be representative (of population); 
4 max 


[5] 


Lower affinity for oxygen / releases more oxygen / oxygen is released quicker / 
oxygen dissociates / unloads more readily; 


Q Neutral: the organism / body has a lower affinity for oxygen / 
releases more oxygen 


(To) muscles / tissues / cells 


(For) high / rapid respiration; 
Q Reject: ‘produces more energy’ on its own 
Neutral: reference to partial pressure 


Accept: (for) respiration to produce more energy in the form of 
ATP/ release more energy 


1. Small SA:VOL; 
Neutral: small limbs / small ears / extremities 
Neutral: small SA 
Accept: large VOL:SA Page 40 


M25.(a) 


(ii) 


1. 


2. 


Neutral: reference to fat / blubber / insulation 


2. (So) reduces heat loss / (more) heat retained; 
Note: MP2 is independent of MP1 


1.  Brainis the same, others fall; 
Note: 1. might not be given in the same sentence 
Assume that 'other organs fall' 2 all three organ categories fall 
Accept: 'blood flow is reduced to all organs except for the brain' 


2. Brain controls other organs / remains active / needs constant supply of 
oxygen; 
Accept: ‘seal would die’ = brain remains active 


3. Lungs not used / are used less / seal is not breathing / heart rate decreases / 
heart pumps less / blood diverted to muscles; 


Reject: seal is not respiring 


[8] 


(Overall) outward pressure of 3.2 kPa; 


Forces small molecules out of capillary; 


Loss of water / loss of fluid / friction (against capillary lining); 


1. 


High blood pressure = high hydrostatic pressure; 


Increases outward pressure from (arterial) end of capillary / reduces inward 
pressure at (venule) end of capillary; 


(So) more tissue fluid formed / less tissue fluid is reabsorbed; 
Allow lymph system not able to drain tissues fast enough 


Water has left the capillary; 
Proteins (in blood) too large to leave capillary; 
Increasing / giving higher concentration of blood proteins (and thus wp); 
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